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Field of the Invention 

The invention relates to method and apparatus for inhibiting the growth of living 
organisms. 

Background 

U.S. Patents Nos. 5,795,487, 5,976,386, 6,110,387, 6,132,628, 6,429,181, 
6,478,972, and 6,533,958 and published U.S. Patent Application No. 20030121868, the 
contents of all of which are incorporated herein by reference, are believed to represent 
relevant prior art. 

Brief Description of the Drawings 

Embodiments of the invention are more particularly described with respect to a 
number of examples set forth below, and also with respect to the accompanying drawings 
wherein: 

FIG. 1 is a block diagram illustrating one form of apparatus constructed and. operative to 
enable the practice of an embodiment of the present invention; 

FIG. 2 is a similar block diagram illustrating another apparatus constructed and operative 
to enable the practice of an embodiment of the present invention; 

FIG. 3 is a similar block diagram illustrating another apparatus constructed and operative 
to enable the practice of an embodiment of the present invention; 

FIG. 4 is a similar block diagram illustrating another apparatus constructed and operative 
to enable the practice of an embodiment of the present invention; and 

FIG. 5 is a similar block diagram illustrating another apparatus constructed and operative 
to enable the practice of an embodiment of the present invention. 

The apparatus illustrated in FIG. 1 produces a biocide that is introduced into a 
liquid 3, such as water, at a location 2. The biocide is formed by mixmg in situ two 
solutions, a first solution comprising a hypochlorite oxidant solution within a reservoir 4, 
and a second solution comprising bromide and at least one amine within a reservoir 6. 

As shown in Fig. 1, water, e.g., tap water, de-ionized water, soft water, or industrial 
water, is fed from a source 8 via a water pipe 10 through a pair of branch lines 12, 14, 
connected in parallel to each other, to a mixer 21 which feeds common outlet pipe 16 
leading to the liquid 3 at the location 2. Each of the two parallel branch lines 12, 14, 
includes a venturi tube 18, 20 having an inlet port 18a, 20a, connected in the respective 
branch line 12, 14, and an outiet port 18b, 20b, coimected to mixer 21 which connects to 
the conmion outlet line 16 leading to the liquid to be treated. Each of the venturi tubes 
18, 20, includes a third port 18c, 20c, leading to the reservoir 4, 6, of the respective 
solution to be added to the water flowing through the outiet line 16. 
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The two venturi tubes 18, 20, thus constitute dosing pumps which continuously and 
synchronously inject both hypochlorite oxidant solution from reservoir 4, and the solution 
comprising at least one amine and bromide from reservoir 6, into the water from source 8 
in proportions which are predetermined for optimal formation of the biocide. The two 
solutions are thus diluted to form first and second dilutions, respectively, and the first and 
second dilutions are mixed in mixer 21 and react with each other in mixer 21 which feeds 
into outlet pipe 16, so that the reaction product, namely the biocide produced by the 
reaction of these two dilutions, is introduced as it is produced in situ into the liquid 3. 

The two branch lines 12, 14 for the two venturi tubes 18, 20 include control valves 
22, 24, which enable the flow rate of the water to be controlled via the two venturi tubes 
18, 20. Lines 26, 28 coimecting the two reservoirs 4,6 to their respective venturi tubes 
18, 20 also include valves, shown at 30, 32, for controlling the dosage of the chemicals 
into the water passing through the venturi tubes. The latter valves also enable the supply 
of chemicals to be terminated at the end of the introduction of the biocide, so that 
continued flow of the water via the branch lines 12, 14, mixer 21 and the outlet line 16 
will wash away any residue of these chemicals, or their decomposition products, and 
thereby avoid accumulation of decomposition products which may form at the end of 
each biocide production cycle in the outlet line 16 or in mixer 21 . 

The control of the foregoing valves is done by a control system, schematically 
illustrated by block 40. Outlet line 16, therefore, may also include a pH sensor 47 for 
sensing the pH of the biocide, and controlling the control system 40 in response thereto. 

Control system 40 also controls the supply of the water from source 8 via an 
electrical valve 48. Control system 40 can ftuAer control an alarm 50 or other signalling 
device. The illustrated system may further include a timer 52 which is presettable to fix 
both the lengths of time for which the biocide is to be fed via the outlet line 16 to the 
liquid to be treated, as well as the time intervals between such feedings of the biocide. 
Control system 40 may also be operative to control the operation of mixer 21 - 

The water supply line 10 from the water source 8 to the two branch lines 12, 14, 
may include additional control devices. For purposes of illustration, the accompanying 
drawings schematically illustrate the following additional control devices: a manual 
control valve 53, enabling manual control of the water flow from the source 8; a pressure 
reducer 54 for reducing the pressure from the source; a pressure sensor 56 which may 
also be used as an input into the control system 40; a flow meter 58 for indicating the 
flow rate or flow volume; a pressxire gauge 60 for indicating the pressure in line 10; a 
pressure relief valve 62; and a one-way valve 64. 

In one embodiment of the invention, the two venturi tubes 18, 20, and their 
controls, are designed so as to synchronously feed the same volimies of solutions from 
the two sources 4, 6 even thougjh the viscosities of the two solutions may be different. 
The illustrated system may operate at a constant predetermined water pressure and at a 
constant ratio of predetermined dilution of the two solutions to the water passing via the 
branch lines 12, 14, through the two venturi tubes 18, 20. Each of these parameters can 
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be controlled as described above so that the solutions from the two sources 4, 6, are 
simultaneously and synchronously injected in the desired predetermined proportions with 
respect to each other, and also with respect to the water flowing through the venturi tubes 
18, 20 from the source 8. In another embodiment of the invention, the volximes of 
solutions from sources 4 and 6 may be different, provided that the final molar ratio of 
oxidant, bromide and amine is within a predetermined range. 

As indicated earlier, the solution in reservoir 4 comprises a hypochlorite oxidant, 
and the solution within reservoir 6 comprises at least one amine and bromide. The 
bromide may be provided in any suitable form. In an embodiment of the invention, the 
bromide is provided as an alkali or alkaline earth metal bromide salt, such as lithium 
bromide, sodium bromide, potassium bromide, calcium bromide, magnesium bromide or 
hydrobromic acid. The at least one amine may be any suitable amine. In an embodiment 
of the invention, the at least one amine is selected from the group of amines consisting of 
creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and NHR*R^ wherein and are each independently 
-H, 

"COOH, 

-COOR^ wherein R^ is selected from the group consisting of 

alkyl, C3.8 cycloalkyl, C4-9 cycloallqrlalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R"* is selected from the group consisting of H, C3.8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and Ci-g alkyl, wherein Ci-g alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Ci^ alkyl, C3.8 cycloalkyl, C4-9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0>NHR^ , .C(=S>NHR^ -C(=NH)-NHR^ or -C(=0)-CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-8 alkyl, wherein Ci-s alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

-SO3H, 

-S02R^ wherein R^ is H, Ci-g alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-Ci^ alkyl, 

-Ci-s alkyl optionally substituted by one or more of: 

-OH, -COOH, -NH2 or =NH, 
-NHR^, wherem R^ is H, C1.8 aDg^l, phenyl, 4-methylphenyl, benzyl or 

-NH2, 

provided that R^ and are R^ are not both H, 
and, when at least one of R^ and R^ is -SO3H, salts thereof, 

or a mixture of two or more such amines. The oxidant is chosen from alkali and alkaline 
earth metal hypochlorites, e.g. lithium hypochlorite, sodium hypochlorite, potassiimi 
hypochlorite, calcium hypchlorite or magnesium hypochlorite. 
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In an embodiment of the invention, the biocide has a pH of at least 8.0 just prior to 
its injection into liquid 3. In another embodiment of the invention^ the biocide has a pH 
of at least 9.5 just prior to its injection into liquid 3. In an embodiment of the invention, 
the biocide has a pH of not more than 11. S just prior to its injection into liquid 3. In an 
embodiment of the invention, the biocide is injected at a rate to mauitain in the biocide a 
stable pH of at least 8.0 as it is produced. 

FIG. 2 illustrates another apparatus, constructed and operative to provide a biocide 
in accordance with an embodiment of the invention. The apparatus shown in FIG. 2 is 
similar to that in FIG. 1, with like numbers denoting elements of the system of FIG. 2 
which are the same as in the system of FIG. 1 and which operate in the same way. The 
principal difference between the two systems is fliat in the system of FIG. 2, the venturi 
tubes 18, 20 are replaced by pulsatile pumps Pi, P2. The two pulsatile pumps Pi, P2 are 
also controlled by the control system 40 so as to synchronously meter the liquids from the 
two reservoirs 4, 6, via feed lines 26, 28, in a manner similar to that of the venturi tubes 
18, 20, in the system described above with respect to FIG. 1, except that the liquid 
pumped out of pumps Pi and P2 is mixed with the water in branch lines 12, 14 at mixers 
Ml, M2 as the water in branch lines 12, 14 flows to ntiixer 21 and then to outlet line 16. 
Pulsatile pumps Pi and P2 may be replaced by other types of pimips, such as peristaltic 
pumps and the like. 

It will be appreciated that although Figs. 1 and 2 depict embodiments of the 
invention in which the reservoir 6 contains a solution comprising bromide and at least 
one amine, the dilution containing bromide and amine need not be prepared from a 
solution containing bromide and amine which is stored in a reservoir, and the dilution 
may be prepared immediately prior to being mixed with the hypochlorite oxidant. It will 
also be appreciated that the first and second solutions may be sufficiently dilute that little 
or no additional dilution is necessary prior to mixing in mixer 2 1 . 

FIG. 3 illustrates another apparatus, constructed and operative to provide a biocide 
in accordance with an embodiment of the invention. The apparatus shown in FIG. 3 is 
similar to that in FIG. 2, with like numbers denoting elements of the system of FIG. 3 
which are the same as in the system of FIG, 2 and which operate in the same way. The 
principal difference between the two systems is that in the system of FIG. 3, reservoir 6 
contains a solution of at least one amine which is substantially free of bromide. Solution 
containing bromide is stored in reservoir 6'. Bromide is thus pumped by pump P3 
through feed line 28' to liquid pumped out of P2 and is mixed with the water in branch 
line 14 at mixer M3 as the water in branch line 14, which has already been mixed with 
amine-containing solution fit)m reservoir 6, flows to mixer 21 and then to outlet line 16. 
Pulsatile pump P3, like pumps Pi, P29 is controlled by the control system 40 so as to 
synchronously meter the liquid from reservoir 6' via fee^ line 28' . 

FIG. 4 illustrates another apparatus, constructed and operative to provide a biocide 
in accordance with an embodiment of the invention. The apparatus shown in FIG. 4 is 
similar to that in FIG. 3, with like numbers denoting elements of the system of FIG. 4 
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which are the same as in fhe system of FIG, 3 and which operate in the same way. The 
principal difference between the two systems is that in the system of FIG. 4, pulsatile 
pump P3 is connected to a third branch line 15. Bromide is thus pumped by pump P3 
through feed line 28' to mixer M3, where it is mixed with the water in branch line 15 as 
the water in branch line 15 flows to mixer 21 and then to outlet line 16. 

FIG. 5 illustrates another apparatus, constructed and operative to provide a biocide 
in accordance with an embodiment of the invention. The apparatus shown in FIG. 5 is 
similar to that in FIG. 4, with like numbers denoting elements of the system of FIG. 5 
which are the same as in the system of FIG. 4 and which operate in the same way. The 
principal difference between the two systems is that in the system of FIG. 3, water exiting 
mixer M3 flows not to mixer 21 but directly to outlet line 16, where it it mixes with the 
water exiting mixer 21 . Optionally, an additional mixer 21' may be employed to mix the 
liquid flowing from mixer M3 with the liquid exiting mixer 21 before the liquid exits 
outlet line 16. 

» 

In the context of this patent application, the term "effective", when used in 
reference to a biocide, means that the biocide is capable of controlling microbial growth, 
as evidenced by the ability to kill at least 50% of the microorganism in a liquid test 
sample within 3 hours after administration, with a residxial of biocide, expressed as total 
chlorine, of at least 0.5 ppm. 

The present invention will be better understood through the following illustrative 
and non-linoitative examples of embodiments thereof. 

i Experimental: 

f General: Tests were conducted in an aqueous test system consisting in each instance 

deionized (DI) water to which was added starch (-7.5 g/1), calcium hydroxide (94 ppm), 
and sodixmi bicarbonate (1320 ppm); pH was adjusted to 8.17 using hydrochloric acid. A 
suspension of microorganisms was prepared from a sample of pink slime removed from 
the surface of a paper machine. Microorganisms were grown at 37°C. 

As controls, in each test (a) biocide was added to DI water only, and (b) a sample of 
medium was left untreated by biocide. 

In the following examples, solutions of the active biocidal ingredient in accordance with 
embodiments of the present invention were prepared by using apparatus providing a 
continuous, synchronous production of the active biocidal ingredient as described above. 
In those tests where biocide was prepared from amine and hypochlorite only, the 
procedure described above was followed, but the mixture containing amine and bromide 
mixture was replaced by an amine or amine solution only. The decomposition rate of the 
concentrated active ingredient was monitored in the examples below by measuring the 
residue of total chlorine in the concentrate* 

Example 1: Oxidation Reduction Potential (ORPy 

Using a pair of electrodes, oxidation-reduction potentials were measured in accordance 
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with G. Degramont, "Water Treatment Handbook^ Springer-Verlag, 1991, pp. 249-250, 
the contents of which are incorporated herein by reference* Because the oxidation- 
reduction potential depends on the activity of the oxidized and reduced forms of a 
substance, different substances can be classified by comparing their ORP's. 

In this example, four tests were conducted: 

Test 1: In accordance with U.S. Patent No. 6,478,972 ("Shim"), sodium sulfamate (14.62 
g sulfamic acid dissolved in 100 ml DI water containing 7.2 g NaOH) and sodium 
hypochlorite (10.5% w/v in 100 ml DI water, expressed as Cfe) were mixed (molar ratio 
of sulfamate to CI2 1.007 : 1) to produce what Shim terms a "stabilized hypochlorite 
solution". 

Test 2: In accordance with Shim, sodium sulfamate (14.62 g sulfamic acid dissolved in 
100 ml DI water containing 7.2 g NaOH) and sodium hypochlorite (10.5% w/v in 100 ml 
DI water, expressed as CI2) were mixed (molar ratio of sulfamate to CI2 1.007 : 1) to 
produce what Shim terms a "stabilized hypochlorite solution". Sodium bromide (15.5% 
w/v) (molar ratio of Br' to CI2 L014 : 1) was mixed into the "stabilized hypochlorite 
solution". A significant change in color was noticed as soon as NaBr was added to the 
"stabilized hypochlorite concentrate". The resulting mixture was immediately added to 
each of the aqueous test systems, in defined volumes to maintain feed levels of 2.5, 5.0 
and 7.5 ppm (expressed as total chlorine) respectively. 

Test 3: Sodium bromide (15.5% w/v) was mixed into a "stabilized hypochlorite solution" 
(molar ratio of Br" to CI2 1.014 : 1) prepared as per Test 1. A slight change in color was 
noticed as soon as NaBr was added to the "stabilized hypochlorite solution". The 
resulting mixture was immediately added to each of the aqueous test systems, in defined 
volumes to maintain feed levels of 2.5, 5.0 and 7.5 ppm (expressed as total chlorine) 
respectively. 

Test 4: In accordance with Shim, sulfamic acid (14.62 g in 100 ml DI water) and sodium 
hypochlorite (10.5% w/v in 100 ml DI water, expressed as CI2) were mixed. The mixture 
was immediately added to each of the aqueous test systems, in defined voliunes to 
maintain feed levels of 4.2, 8.4 and 12.6 ppm (expressed as total chlorine) respectively. 
NaBr (15.5% w/v, molar ratio of Br to CI2 1.014 : 1) was simultaneously added 
separately to the aqueous system. 

In tests 2, 3 and 4, OR? was measured two hours after the biocide was added to the 
aqueous system. The results are presented in Table 1, where ppm refers to the biocide 
concentration, expressed as CI2, immediately after addition to the test sample: 
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Table 1 





ORP (volts) 


treatment 


test 4 


test 2 


test 3 


8.4 ppm, 01 only 


340 


405 


420 


4.2 ppnn, mediunn 


238 


310 


348 


8.4 ppm, medium 


231 


294 


330 


12.6 ppm. medium 


250 


284 


295 


0 ppm, medium 


200 


200 


200 



The results in Table 1 show that the order and mode of addition of the chemicals in the 
method of Shim is significant, as is the identity of the chemicals. 

Example 2: Residual Total Chlorine 

Residual total chlorine was measured in the aqueous system 10 minutes after addition of 
the biocide, and again after 24 hours. As is known in the art, the rate of degradation of an 
oxidizer in an aqueous system is system-specific, Le. the degradation rate of a given 
oxidizer is reproducible in a given aqueous system. 

Test 4 is the same Test 4 conducted in Example 1 . 

Test 5: In accordance with an embodiment of the present invention, sodiiun sulfamate 
(14,62 g sulfamic acid dissolved in 100 ml DI water containing 1.2 g NaOH) was mixed 
with NaBr (15.5 g in 100 ml DI water) (sodium sulfamate and NaBr both equimolar to 
sodium hypochlorite) and diluted in DI water. Sodium hypochlorite (10.5% w/v in 100 
ml DI water, expressed as CI2) was diluted in DI water (to a concentration of 4200 ppm, 
0.42% w/v expressed as CI2, equimolar to sulfamate and to bromide ion). The two diluted 
solutions were mixed according to the procedure described above. The biocide was 
immediately added to the aqueous system. The results are presented in Table 2 
(presented as total chlorine as percent of feed). 

Table 2 



treatment 


Total CI2 (as % of feed) 




test 4 - 10 min 


test 4-24 hours 


test 5-10 min | test 5 - 24 hours 


8.4 ppm. DI 


48.8 


53.6 




4.2 ppm, DI 






119.05 


107.1 


2.1 ppm 






42.86 


2.4 


4.2 ppm 


31 


19.05 


67.14 


50 


6.3 ppm 






71.4 


67.1 


8.4 ppm 


29.8 


27.4 






12.6 ppm 


39.7 


34.1 







minutes and 24 hours. 
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TTiese results show that biocide formed according to the Shim et al. is different than 
biocide formed in accordance with an embodiment of the present invention. 
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Example 3: Adenosine triphosphate (ATP) concentration 

ATP levels serve as a measure for the biochemical activity of aerobic microorganisms, 
and as such serve as a good model for the viabili^ of a microbial culture after it has been 
exposed to a biocide. Thus, in the aqueous system of Tests 4 and 5 described above, the 
concentration of ATP was measured, 20 minutes after the addition of the biocide. The 
results are presented in Tables 3 and 3 A (in relative units (rlu) and ng/ml, respectively). 



Table 3 





test 4 


tests 


treatment 


ATP (rlu) 


ATP (rlu) 


54.2ppm, Dl only 


0 


0 


8.4 ppm, Dl only 


0 


0 


2.1 ppm, medium 




1850 


4.2 ppm, medium 


2400 


1700 


6.3 ppm, medium 




1400 


8.4 ppm, medium 


2250 




12.6 ppm, medium 


1800 




0 ppm, medium 


1950 


1950 


rlu" — relative units 

Table 3A 




test 4 


test 5 


treatment 


ATP (ng/ml) 


ATP (ng/ml) 


8.4ppm,DI 






4.2ppm Dl 






2.1 ppm 




0.58 


4. 2 ppm 


0.75 


0.53 


6.3 ppm 




0.44 


8.4 ppm 


0.7 




12.6 ppm 


0.56 




0 ppm, medium 


0.61 





The results presented in Tables 3 and 3 A show that after a contact time of 20 minutes, the 
biocide produced according to the procedure of Shim et al. (sodixmi hypochlorite 
stabilized with sulfamic acid added to water to be treated, then NaBr added thereafter to 
the water to be treated) is less effective in controlling microbial activity than the biocide 
produced in accordance with an embodiment of the present invention from sodium 
sulfamate, sodium bromide and soditun hypochlorite. This result is in accordance with 
the data presented by Shim, who states that antimicrobial efficacy of his product occurs 
only 24 hours or more after admmistration to the water to be treated. 

Example 4: Total aerobic counts. 

Test 6: A biocide was prepared by diluting sodium sulfamate (14.62 g in 100 ml Dl water 
containing 7.2 g NaOH, 5850 ppm) in a first stream of Dl water, diluting sodium 
hypochlorite in a second stream of Dl water (4600 ppm, 0.46% w/v), mixing the two 
dilutions in a conduit and immediately adding the aqueous system to be treated, as 
described above* 
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The results of viable counts of aerobic MO's in Tests 5 and 6 are presented in Tables 4 
and 4A. 



Table 4 



treatment 


teste 


tests 


dosage,Cl2 


aerobic cfu/ml 


aerobic cfu/ml 


2.1 ppm 


1.30x10^ 


5.86 xlO"^ 


Oppm 


1.30x10^ 


1,30x10^ 


cfii - colony forming units 

Table 4A 


treatment 


teste 


tests 


dosage, Ci2 


aerobic cfu/ml (% kill) 


aerobic cfu/ml (% kill) 


2.1 ppm 


0% 


SS% 



The results in Table 4 demonstrate that producing a biocide by first producing a dilute 
mixture of bromide and sulfamate, then mixing this mixture with dilute hypochlorite and 
injecting the product into the liquid to be treated, while ensuring that there is no excess 
oxidant (hypochlorite) during the production of the biocide, yields a more efficacious 
biocide than does mixing a dilute sulfamate with dilute hypochlorite and injecting the 
product into the liqmd to be treated. 

Example 6: viable coimts in media containing high sugars. 

liO-fold serial dilutions of each of the aqueous system test samples in sterile saline 
containing sodium thiosulfate was conducted 30 minutes after the biocide was added to 
the aqueous systems; the resulting serially ten fold diluted solutions were mixed in 
molten high sugar Agar. Viable counts of die colonies in the agar were counted after 48 
hours, and are presented in Table 6 as cfu/ml. 

Test 9: A biocide was prepared by diluting guanidinimn sulfate in a first stream of DI 
water (0.647 g guanidinium sulfate (MW 216.22) in 100 ml DI water), diluting sodiimi 
hypochlorite in a second stream of 100 ml DI water (to a concentration of 4200 ppm, 
0.42% w/v expressed as CI2), mixing the two dilutions in a conduit and immediately 
adding the mixed dilutions to the aqueous system to be treated, as described above. 

> . Test 10: A biocide was prepared by mixing guanidinium sulfate (0.647 g) with NaBr 

(0.62 g, NaBr equimolar to sodium hypochlorite) and diluting in a first stream of 100 ml 
DI water, diluting sodiirai hypochlorite m a second stream of 100 ml DI water (to a 
concentration of 4200 ppm, 0.42% w/v expressed as CI2), mixing the two dilutions in a 
conduit and immediately adding the mixed dilutions to the aqueous system to be treated. 
The results are shown in Table 6, which shows the number of sugar-consimiing colony 
forming units (cfu), and Table 6A, which present the same data as % survival relative to 
the non-biocide treated control. 
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Table 6 



treatment 


test 9 


test 10 




sugar cfii/ml 


sugar cfu/ml 


4.2 ppm, Dl only 


0 


0 


2.1 ppm, medium 


9.20 X 10'' 


3.30 x10=' 


4.2 ppm, medium 


9.80 X 10^ 


4.00 X 10 


6.3 ppm, medium 


8.00 X 10 


5.00 X 10 


0 ppm, medium 


1.06 X 10" 


1.06 x 10" 


Table 6/A 


treatment 


test 9 


test 10 




sugar cfu/ml % survival 


sugar cfu/ml %survival 


2.5 ppm, medium 


8.68 


3.11 


5 ppm, medium 


9.25 


0.38 


7.5 ppm, medium 


0.75 


0.42 


0 ppm, medium 


100.00 


100.00 



The results in Tables 6 and 6A demonstrate that producing a biocide by first producing a 
dilute mixture of bromide and guanidinium sulfate, then mixing this mixture with dilute 
hypochlorite and injecting the product into the liquid to be treated, while ensuring 
ensuring that there is no excess oxidant (hypochlorite) during the production of the 
biocide, 3delds a more efBcacious biocide than does mixing dilute guanidinium sulfate 
with dilute hypochlorite and injecting the product into the liqtdd to be treated. 

Example 7: Efficiency of production of the biocide 

Residual total chlorine in Dl-only control samples was measured 10 minutes and 20 
hours after addition of biocide, using the DPD colorimetric method (see "Standard 
Methods for Examination of Waste and Waste Water", 17th Edition (1989), pp. 4-62 to 
4-64), the contents of which are incorporated herein by reference. 

Total chlorine was measured for the control tests in DI water-only samples of Tests 1-6 
described above. The results are presented in Table 7. 



Table 7 





%Cl2-10min 


%Ci2 - 20 Hours 


test 1 (Shim et al.) 


59.5 


54.8 


test 2 (Shim et al.) 


40.5 


26.2 


test 3 (Shim et al.) 


48.8 


38.1 


test 4 (Shim et al.) 


48.8 


54.9 


tests 


119 


107.1 


tests 


88.1 


78.6 



The results in Table 7 show that the "stabilized hypochlorite" and biocides produced in 
accordance with Shim et al. have a low residue compared to biocides formed in 
accordance with embodiments of the present invention, during the first 20 hours after 
addition to the water to be treated. 
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Example 8: Comparison of Treatment Of Aerobic and Anaerobic Bacteria Using 
Anmionium Carbamate and Ammonium Carbonate , 

Biocides were prepared from sodium hypochlorite and either ammonium carbamate or 
ammonium carbonate in the presence and absence of sodium bromide, as described 
below, and immediately added to die samples to be treated . MOs were grown for 48 
hours prior to addition of biocide. 

Ammonixmi carbonate was diluted in a stream of DI water (11.71 g ammonium carbonate 
in 100 ml DI water) to a final concentration of 4680 ppm. Sodiimi hypochlorite was 
diluted in a second stream of DI water (4200 ppm, 0,46% w/v expressed as total 
chlorine). As described above, the two streams were mixed in a conduit to form a biocide 
(2600 ppm as total chlorine) which was inunediately added to the test containers. 

In an analogous maimer, ammonium carbamate was diluted in DI water (11.71 g 
ammoniimi carbamate in 100 ml DI water) to a concentration of 4680 ppm, and mixed in 
a conduit with a dilute solution of sodium hypochlorite (4200 ppm, 0.46% w/v expressed 
as total chlorine), and the resulting biocide (2600 ppm as total chlorine) was immediately 
added to the test containers. 

ATP was measured 25 minutes and 120 minutes after feeding the biocide. Residual total 
chlorine was measured 5 minutes after feeding the biocide, and samples for viable counts 
were taken after 30 minutes contact tune. 

■ 

The tests were repeated, but with mixing of sodium bromide (6200 ppm) with the 
ammonium carbonate or ammonium carbamate prior to mixing with the sodium 
hypochlorite. 

Coxmts of ATP, total aerobic bacteria, growth on a high sugar medium, and killing of 
anaerobic bacteria were measured. The results are presented in Tables 8A-8G. 



Table 8A: Comparison of ATP levels (ng/ml) measured after 25 min 



treatment 


ammonium 
carbonate 


ammonium 
carbonate + NaBr 


ammonium 
carbamate 


ammonium 
carbamate -*- NaBr 


1 .4 ppm 


25.87 




30.7 




2.8 ppm 


20 


17.2 


19.2 


13.5 


5.6 ppm 


8.8 


21.2 


10.13 


26.7 


8.4 ppm 


16 




6.7 




14 ppm 




2.6 


2.3 


3.33 


28 ppm 




1.59 




1.16 


blank 


15.6 






40 
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Table 8B: comparison of ATP levels (ng/ml) measured after 120 min - regrowth potential 



treatment 


ammonium 
carbonate 


ammonium 
carbonate -t-NaBr 


ammonium 
carbamate 


ammonium 
carbamate + NaBr 


1 .4 ppm 


89.3 




66.7 




2.8 ppm 


101.3 


109.3 


81.33 


117.33 


5.6 ppm 


41.3 


29.3 


23.3 


23.33 


8.4 ppm 


8.9 




2.5 




14 ppm 




1.43 


0.77 


1.05 


28 ppm 




0.47 




0.22 


blank 


94.7 






110.7 



Table 8C: comparison of ATP levels (riu) measured after 120 minutes 



treatment 


ammonium 


ammonium 


ammonium 


ammonium 




carbonate 


carbonate + NaBr 


carbamate 


carbamate NaBr 


1 .4 ppm 


335000 




250000 




2.8 ppm 


380000 


410000 


305000 


440000 


5.6 ppm 


155000 


110000 


87500 


87500 


8.4 ppm 


33500 




9250 




14 ppm 




5350 


2900 


3950 


28 ppm 




1750 




840 


blank 


355000 






415000 


Table 8D: comparison of total aerobk: bacteria count, cfii/ml after 30 min contact time 


treatment 


ammonium 


ammonium 


ammonium 


ammonium 




carbonate 


carbonate + NaBr 


carbamate 


carbamate + NaBr 


1.4 ppm 


3.00 X 10' 




5.00x10' 




2.8 ppm 


5.00 X 10' 


2.70 X 10' 


1.10x10' 


2.40x10' 


5.6 ppm 


5.00x10^ 


9.44x10'* 


7.60x10^ 


3.20x10^ 


8.4 ppm 


4.00x10** 




6.60x10" 




14 ppm 




3.20 X 10* 


3.60x10* 


2.80x10* 


28 ppm 




4.40x10** 




4.1 6x 10* 


blank 


4.80 X 10' 


4.80x10' 


4.60x10' 


4.60x10' 


Table 8E: comparison of growth on a high sugar medium (cfu/ml), after 30 min contact time 


treatment 


ammonium 


ammonium 


ammonium 


ammonium 




carbonate 


carbonate + NaBr 


carbamate 


carbamate -*- NaBr 


1 .4 ppm 


3.00 x 10' 




3.00 X 10' 




2.8 ppm 


3.00x10' 


1.22 x 10=" 


1.10x10** 


4.00x10' 


5.6 ppm 


3.00 X 10^ 


1.80x10'* 


1.00x10^ 


1.00 X 10' 


8.4 ppm 


3.00 X 10* 




1.00x10' 




14 ppm 




2.00 X lO'' 


1.00x10' 


1.00x10' 


28 ppm 




2.00 X Iff* 




2.00 x 10' 


blank 


5.00 X 10' 






3.00 X 10^ 
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Table 8F: total anaerobic counts (cfu/ml), after 30 min contact time 



treatment 


ammonium 

carbonate 


ammonium 
carbonate + NaBr 


ammonium 
carbamate 


ammonium 
carbamate + NaBr 


1 .4 ppm 


3.00 X 10' 








2.8 ppm 


2.00 X 10" 


1.00x10* 


3.00 X 10' 


1.00x10=* 


5.6 ppm 


5.00 X 10" 


2.10x10"* 


3.40x10" 


1.00 xlO'* 


8.4 ppm 


2.00 X 10' 




3.00x10' 




14 ppm 




1.00x10^ 


1.00x10' 


2.00 x 10^ 


28 ppm 




1.00x10^ 


1.00x10' 


1.00 xlO'^ 


blank 


3.00 X 10' 






3.00x10' 


Table BG: comparison of kill of anaerobic bacteria (cfii), 30 minutes 


treatment 


ammonium 
carbonate 


ammonium 
carbonate + NaBr 


ammonium 
carbamate 


ammonium 
carbamate + NaBr 


1 .4 ppm 


3.00x10' 




3.00 X 10^ 




2.8 ppm 


2.00 xlO'* 


1.00x10" 


3.40x10" 


1.00 xlO"* 


5.6 ppm 


5.00x10" 


2.10 X 10' 


3.00 X lO' 


1.00x10' 


8.4 ppm 


2.00x10=* 




10.00 




14 ppm 




1.00 X 10' 


10.00 


2.00x10=* 


28 ppm 




1.00x10^ 




1.00x10^ 


blank 


3x10' 






3x10' 



Example 9: differences in biocides produced using sodiiim hypochlorite and concentrated 
or dilute 5,5-dimethyl hydantoin . 

Test 15: 10 ml of a stock solution of 5,5-dimethyl hydantoin (DMH) (19,16% w/v) was 
mixed with 10 ml of concentrated NaOCl solution (11.6% w/v). The resulting biocide 
was diluted 25-fold to a fmal concentration of 2320 ppm (expressed as CI2). The resulting 
biocide was immediately added to a medium containing calcium hydroxide (663 ppm), 
sodium bicarbonate (399.7 ppm), and 18% starch (w/v). 

Test 17: Test 15 was repeated, but this time the DMH and NaOCl solutions were diluted 
prior to mixing (DMH: 4 ml, 19.16% w/v was mixed in 100 ml DI water; NaOCl: 4 ml of 
1 1.6 % w/v was mixed in 100 ml DI water; the two diluted solutions were then mixed as 
described above and the resulting biocide added to the treated sample). 

The effects of the biocides on different aspects of MO growth, as well as residual total 
chlorine, were measured as described in previous examples. Results are shown in Tables 
9A-9D. 
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Table 9A 



Kill of aerobic MP's and MP's growing in high gtucose medium ("slime") 





cone. UlVIn 


cone. DMH 


dclute DMH 


dilute DMH 


treatment 


aerobic cfu/ml 


slime cfu/ml 


aerobic cfii/ml 


siime cfu/ml 






6.40 X 10' 






2.1 ppm 






9.80 X 10' 


2.60 x 10^ 


2.32 ppm 


1.00x10'* 








4.2 ppm 






1.96x10" 


4.00 X 10^ 


4.64 ppm 


1.69 X 10=* 


5.00x10' 






6.3 ppm 






1.53 X 10" 


1.33x10' 


23.2 ppm 


1.00x10" 


1.00x10" 






blank 


8.00 X 10' 


5.00x10' 


4.56x10" 


1.06x10" 






Table 9B 




Effect of dilute biocide from DMH and NaOCI in the presence and absence of NaBr 




dilute DMH 


dilute DMH + Br' 


dilute DMH 


dilute DMH + Br 


treatment 


aerobic cfu/ml 


aerobic cfu/ml 


^ime cfu/ml 


slime cfu/ml 


2.1 ppm 


9.80 x 10' 


8.48 x lO'* 


2.60x10^ 


8.80 X 10=* 


4.2 ppm 


1.96 X 10* 


1.12x10" 


4.00 X 10=* 


8.00 X 10' 


6.3 ppm 


1.53x10" 


1.08 x 10" 


1.33x10' 


9.40 X 10=* 


blank 


4.56 xlO"* 


4.56 X 10" 


1.06x10" 


1.06x10" 



Table 9C: 


Residual total Cla in water containing a high organic load. 
Results presented as % of feed rate, ppm as total chlorine. 


dosage (ppm) 


Test 1 5 


Test 17 


1.16 


0 




2.1 




42.9 


2.32 


12.07 




4.2 




78.6 


4.64 


34.05 




6.3 




82.5 


8.4 






12.6 






23.2 


57.33 





The results in Table 9C show the biocide produced by diluting DMH and NaOCl prior to 
mixing is more stable than biocide produced by mixing concentrated DMH and NaOCl 
and subsequently diluting. 

The ability of biocides of Tests 15 and 17 to control the growth of microorganisms grown 
on a high sugar medium was compared. The results are presented in Table 9D as % 
surviving bacteria after exposure for 30 minutes at the indicated concentration. 
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Table 9D 



dosage (ppm) 


Test 15-% survival, 30min 
contact time 


Test 17 - % survival, 30 min 
contact time 


0 


100 


100 


1 1R 
1 • IQ 


inn 




2.1 




8.3 


2.32 


9.38 




4.2 




0.8 


4.64 


0.78 




6.3 




0.9 


8.4 






12.6 






23.2 


0.02 





The results show that biocide produced from diluted DMH and NaOCl achieves better 
control of bacteria grown in high sugar medium than does biocide produced from 
concentrated DMH and NaOCl. 



Example 13: Comparison of biocidal properties of biocides prepared from ammonium 
sulfamate, ammonium sulfate, sulfamic acid and ammonium carbamate . 
As described in earlier examples, biocides were prepared as follows: 

Test 23: Sulfamic acid (14.62 g/100 ml DI water) was diluted (4 ml to 100 ml DI water) 
and NH3 (25% w/v in water) was added (0,5 ml), NaOCl (14% as CI2, 4 ml/100 ml DI 
water) was mixed with the diluted sulfamic acid. 

Test 24: Ammonium sulfate (19.8 g/100 ml DI water) was diluted (2 ml/100 ml DI 
water). NaOCl (14% as CI2) was diluted in DI water (4 mI/100 ml), and mixed with the 
diluted anunonium siilfate solution. 

Test 25: Sulfamic acid (14.62gr/100ml),was mixed with NaOCl (4ml/100ml, 14% as 
CI2). 

Test 26: A stock solution of ammonium carbamate (1 1.55 g/100 ml DI water) was diluted 
in DI water (4 ml/lOOml). NaOCl (14% as CI2) was diluted in DI water (4 ml/lOO ml). 
The 2 diluted solutions were mixed. 

In tests 23-26, the resulting biocide was immediately added to water containing MOs 
from pink slime, as described above, and the total residual chlorine in the treated 
water/medium was measured after 5 minutes and 12 hours. Results are presented in 
Tables 1 OA and lOB. 
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Table IQA: Total residual chlorine after 5 minutes (ppm): 





5 min 


5 min 


5 min 


5 min 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NC02NH4 


1 .4 (control - Dl 
water only) 


1.4 


1.6 


0.9 


1.2 


1.4 


0 


0 


0.3 


0 


2.8 


1.3 


0.9 


0.7 


0.2 


7 


4.9 


5 


4 


1.3 


14 


10.7 


8.1 


10.7 


10.2 



Table lOB: Total residual chlorine after 12 hours (ppm): 





12 hours 


12 hours 


12 hours 


12 hours 


feed as Clz (ppm) 


H2NSO3NH4 


{NH4)2S04 


H2NSO3H 


H2NC02NH4 


1.4 (control - Dl 
water only) 


1.1 


1.1 


0.9 


1.2 


1.4 


0 


0 


0.3 


0 


2.8 


0.1 


0 


0.3 


0.2 


7 


1.1 


1.2 


2.9 


1.3 


14 


4.1 


3.8 


9.2 


3.9 



The results in Tables lOA and lOB show that the biocides derived £rom sulfamic acid and 
from ammonium sulfamate were the most stable biocides after 5 minutes. The biocide 
derived ftom sulfamic acid remained stable and exhibited high residiial total chlorine 
after 12 hours. 

ATP counts for MOs growing on medium treated with the biocides produced in Tests 23- 
26 were obtained 30 minutes and 12 hours after addition of biocide to the growth 
medium. The results are shown in Tables IOC and lOD. 



Table IOC: ATP measured 20 minutes after feeding the biocide (rlu). 





ATP-20 min 


ATP-20 min 


ATP-20 min 


ATP-20 min 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


25500 


24000 


31500 


39000 


2.8 


19500 


28500 


26000 


16500 


7 


9950 


16000 


26000 


14000 


14 


5200 


2850 


12000 


4500 


blank 


24500 


20500 


37000 


29000 



Table lOD: ATP measured 12 hours after feeding the biocide. 





ATP-12 h 


ATP-12 h 


ATP-12 h 


ATP-12 h 


feed as Ci2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


90000 


94500 


83000 


87500 


2.8 


8550 


6000 


76000 


3950 


7 


435 


460 


42000 


560 


14 


380 


390 


14500 


300 


blank 


87500 


90000 


95500 


95500 
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Conclusions: at a feed rate of 1.4 ppm, no control was achieved, and the MO's continued 
to grow . A feed rate of 2.8 ppm as total chlorine was ineffective for biocide formed from 
sulfamic acid, despite the higher residual left in the process water. Better control was 
achieved with ammonimn sulfate compared to sodium sulfamate, and still better control 
with anmionium carbamate after 30 minutes as well as after 12 hours. 

Counts of aerobic, anaerobic and high-sugar MOs (cfu/ml) were measured 30 minutes 
after application of die biocides of Tests 23-26. The results are presented in Tables lOC- 
lOE. 



Table IOC: Effect of biocides on growth of aerobic MOs 30 minutes after application. 





aerobic MOs (cfu/ml), 30 minutes 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


1.29x10"* 


1.40x10'* 


1.08 x 10" 


9.70 X 10" 


2.8 


6.16 X 10* 


6.40x10" 


5.40x10" 


8.96 X 10" 


7 


4.00 X 10" 


3.60 X 10" 


8.08 X 10" 


5.84 X 10" 


14 


2.40 X 1tf* 


1.80x10" 


7.36 X 10" 


7.50 X 10* 


blank 


1.20x10^ 


1.44x10' 


1.10x10' 


1.34 X 10' 



Table lOD: 

Effect of biocides on growth of anaerobic MOs 30 minutes after application. 





anaerobic MOs (cfu/ml), 30 minutes 


feed as CI2 (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


1.50x10^ 


1.00x10' 


2.50x10** 


1.00 X 10' 


2.8 


1.00x10' 


1.00x10' 


1.00x10' 


1.00x10' 


7 


1.00x10' 


1.00x10' 


2.00 x 10=* 


1.00x10' 


14 


1.00x10' 


1.00x10' 


3.00x10=' 


1.00 X 10' 


blank 


1.00 x 10^ 


1.00 X 10^ 


1.00x10^ 


1.00 x 10' 



Table lOE: 

Effect of biocides on growth of high-sugar MOs 30 minutes after application. 





high sugar MOs (cfu/ml), 30 min 


feed as Cla (ppm) 


H2NSO3NH4 


(NH4)2S04 


H2NSO3H 


H2NCO2NH4 


1.4 


6.24x10" 


1.03x10" 


6.40x10* 


1.79x10" 


2.8 


5.00 x 10^ 


4.00x10* 


3.32x10" 


2.00x10=* 


7 


1.00x10' 


1.00x10' 


8.72x10" 


1.00 X 10' 


14 


1.00x10' . 


1.00x10' 


7.30 X 10^ 


1.00 x 10' 


blank 


1.20 x1(f 


1.10x10' 


7.00 X 10* 


1.10 X 10' 



The results shown in Tables lOC-lOE clearly show differences in viable counts after a 
contact time of 30 minutes. At 14 ppm, biocide produced from anunoniiun carbamate 
was superior to the other biocides tested. 
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Claims 

1. A meihod for controlling microbial fouling in a liquid by adding to the liquid an 
active biocidal ingredient, the method comprising: 

producing a predetermined first dilution of a hypochlorite oxidant; 

producing a predetermined second dilution comprising bromide and an amine other 
than ammonia; 

synchronously metering said first dilution and said second dilution into a mixing 
vessel to continuously mix therein according to a predetermined ratio to produce said 
active biocidal ingredient having an effective amount of reproducibility, stability and 
efficacy in situ in said mixing vessel; 

and continuously injecting said active biocidal ingredient, as it is produced in situ in 
said mixing vessel, directly from said mixing vessel into the liquid being treated. 

2. A method according to claim 1, wherein said second dilution is produced by mixing 
said bromide and said amine to form a mixture of bromide and amine, and then diluting 
said mixture. 

3. A method according to claim 1, wherein said second dilution is produced by 
forming a third dilution of bromide, forming a fourth dilution of amine, and mixing said 
third and fourth dilutions to fomi said second dilution. 

4. A method according to claim 1, wherein said amine is selected from the group 
consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and NHR^R^, wherein and are each independently 
-H, 

-COOH, 

-COOR^ wherein R^ is selected from tiie group consisting of 

Ci«8 alkyl, C3-8 cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R"* is selected from the group consisting of H, C3-8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benayl, and C|.8 allqrl, wherein Ci-s alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(-0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Ci-s alkyl, C3-8 cycloalkyl, C4-9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0)-NHR^ , -C(=S>NHR^ -C(=NH)-NHR^ or -C(=0).CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-s alkyl, wherein Cls alkyl is 
optionally substituted by 
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-OH, -COOH, or -NH2, 

-SO3H, 

-SCbR^ wherein is H, Ci-g alkyl, phenyl, 4-methylphenyl, or -NHa, 
-OH, 

-Ci^ alkyl, 

-C1.8 alkyl optionally substituted by one or more of: 

-OH, -COOH, -NHa or =NH, 
-NHR^, wherein is H, Ci-g alkyl, phenyl, 4-methylphenyl, beuTyl or 

-NH2, 

provided that R* and are R^ are not both H, 
and, when at least one of R^ and R^ is -SO3H, salts thereof 
and mixtures thereof. 

5. A method according to claim 1, wherem the bromide is an alkali or alkaline earth 
metal bromide salt or a mixture of alkali or alkaline earth metal bromide salts. 

6. A method according to claim 6, wherein the bromide is selected from the group 
consisting of HBr, LiBr, NaBr, KBr, CaBra and MgBr2 and mixtures thereof. 

7. A method according to claim 6, wherein the bromide comprises a salt selected from 
the group consisting of sodium bromide and potassium bromide. 

8. A method according to claim 7 wherein the bromide comprises NaBr. 

9. A method according to claim 1 wherein said second dilution contains bromide and 
amine in a molar ratio of between 20: 1 and 1:10. 

10. A method according to claim 9 wherein said second dilution contains bromide and 
amine in a molar ratio of between 2: 1 and 1 :2. 

11. A method according to claim 10 wherein said second dilution contains bromide and 
amine in equimolar amounts. 

12. A method according to claim 1 wherein the molar ratio of primary amine groups in 
said amine to said bromide in said second dilution is between 1:10 and 20: 1 . 

13. A method accordiag to claim 12 wherein the molar ratio of primary amine groups in 
said amine to said bromide in said second dilution is between 1:2 and 2:1. 

14. A method according to claim 13 wherein the molar ratio of primary amine groups in 
said amine to said bromide in said second dilution is 1 : 1 . 

15. A method according to claim 1, wherein the total amount of bromide and amine 
present in said second dilution is between 10 and 40% w/v. 
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16. A method according to claim 1, wherein the hypochlorite oxidant is selected from 
the group consisting of sodium hypochlorite, calcium hypochlorite, magnesium 
hypochlorite, potassium hypochlorite and lithium hypochlorite and mixtures thereof. 

17. A method according to claim 16, wherein the hypochlorite oxidant comprises a 
hypochlorite selected from the group consisting of sodium hypochlorite and calciimi 
hypochlorite. 

18. A method according to claim 17, wherein the hypochlorite oxidant comprises 
sodiimi hypochlorite. 

19. A method according to claim 1, M^erein the molar ratio of primary amine groups in 
said amine to hypochlorite oxidant expressed as CI2 is from 2: 1 to 1:1. 

20. A method according to claim 1 , wherein the molar ratio of primary amine groups in 
said amine to hypochlorite oxidant expressed as CI2 is 1 : 1 . 

21. A method according to claim 1 , wherein the concentration of hypochlorite oxidant 
in said first dilution prior to mixing with said second dilution is between 4 and 20% w/v. 

22. A method according to claim 1 wherein said predetemiined first dilution is 
continuously produced immediately before it is synchronously metered into said mixer 
with said predetermined second dilution. 

23. A method according to claim 1 wherein said predetermined second dilution is 
continuously produced immediately before it is synchronously metered into said mixer 
with said predeteimined first dilution. 

24. A method according to claim 1 wherein said biocide, as produced in situ in said 
mixer, has a pH of at least 8.0 before being injected into said liquid to be treated. 

25. A method according to claim 1 wherein said biocide, as produced in situ in said 
mixer, has a pH of at least 8.5 before being injected into said liquid to be treated. 

26. A method according to claim 1 wherein said biocide, as produced in situ in said 
mixer, has a pH of at least 9.0 before being injected into said liquid to be treated. 

27. A method according to claim 25 wherein said biocide, as produced in situ in said 
mixer, has a pH of over 9.5 before being injected into said liquid to be treated. 

28. A method according to claim 26, wherein said biocide, as produced in situ in said 
mixer, has a pH of less than 11 .5 before being injected into said liquid to be treated. 

29. A method according to claim 26, wherein said biocide, as produced in situ in said 
mixer, has a pH of less than 1 1.0 before being injected into said liquid to be treated. 
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30. A me&od according to claim 26, wherein said biocide, as produced in situ in said 
mixer, has a pH of less than 10.5 before being injected into said liquid to be treated. 

31. A method according to claim 26, wherein said biocide is injected at a rate to 
maintain in the biocide a stable pH of at least 8.0 as said biocide is produced. 

32. A method according to claim 1 wherein the concentration of the biocide 
immediately prior to being injected into said liquid to be treated is from 1000 to 10,000 
ppm expressed as total chlorine. 

33. A method according to claim 1 wherein said liquid to be treated has a pH of 
between about 5 and about lO.S before said biocide is injected into said liquid. 

34. A method according to claim 33, wherein said liquid to be treated has a pH of 
between about 7 and about 9 before said biocide is injected into said liquid. 

35. A method according to claim 1, whereui said biocide, as produced in situ in the 
mixer, is injected into said liquid to be treated to a concentration of 0.5-300 ppm 
expressed as chlorine. 

36. A method according to claim 35, wherein said biocide, as produced in situ in the 
mixer, is injected into said liquid to be treated to a concentration of 3-10 ppm expressed 
as chlorine. 

37. A method according to claim 1, wherein said liquid to be treated is water. 

38. A method according to claim 1, wherein the biocide is effective within 24 hours of 
injection into the liquid to be treated* 

39. A method according to claim 38, wherein the biocide is efifective within 1 hour of 
injection into the liquid to be treated. 

40. A method according to claim 38, wherein the biocide is effective within 20 minutes 
of injection into the liquid to be treated. 

41. A method according to claim 1, wherein said biocide is capable of killing at least 
50% of the microorganisms in a liquid test sample within 3 hours after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

42. A method according to claim 1, wherein said biocide is capable of killing at least 
50% of the microorganisms in a liquid test sample within 1 hour after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

43. A method according to claim 1, wherein said biocide is capable of killing at least 
50% of the microorganisms in a liquid test sample within 30 minutes after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 
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44. A method according to claim 1, wherein said biocide is capable of killing at least 
75% of the microorganisms in a liquid test sample within 3 hours after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

45. A method according to claim 1, wherein said biocide is capable of killing at least 
75% of the microorganisms in a liquid test sample within 1 hour after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

46. A method according to claim 1, wherein said biocide is capable of killing at least 
75% of the microorganisms in a liquid test sample within 30 minutes after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

47. A method according to claim 1, wherein said biocide is capable of killing at least 
90% of the microorganisms in a liquid test sample within 3 hours after adntiimstration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

48. A method according to claim 1, wherein said biocide is capable of killing at least 
90% of the microorganisms in a liquid test sample within 1 hour after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

49. A method according to claim 1, wherein said biocide is capable of killing at least 
90% of the microorganisms in a liquid test sample within 30 minutes after administration, 
with a residual of biocide, expressed as total chlorine, of at least_0.5 ppm. 

50. A method according to claim 1, wherein said liquid to be treated is present in a 
system &om which a portion of said liquid to be treated is discharged and replaced during 
the regular course of operation of said system. 

51. A method according to claim 50 wherein said system is a paper mill. 

52. A melhod according to claim 5 1 wherein said liquid is process water. 

53. A method according to claim 50 wherein said system is a cooling tower. 

54. A method according to claim 50, wherein said portion of said liqmd to be treated 
which is discharged and replaced during the regular course of operation of said system is 
continuously discharged and replaced during the regular course of operation of said 
system. 

55. A method according to claim 50, wherein said portion of said liquid to be treated 
which is discharged and replaced during the regular course of operation of said system is 
discharged and replaced at least once every 24 hours during the regular course of 
operation of said system. 
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56. A method for controlling nucrobial fouling in a liquid by adding to the liquid an 
active biocidal ingredient, the method comprising: 

producing a predetermined first dilution of a hypochlorite oxidant; 

producing a predetermined second dilution comprising an amine other than 
ammonia; 

producing a predetermined third dilution comprising bromide; 

synchronously metering said first dilution, said second dilution and said third 
dilution into a vessel to continuously mix therein according to a predetermined ratio to 
produce said active biocidal ingredient having an effective amount of reproducibility, 
stability and efficacy in situ in said vessel; 

and continuously injecting said active biocidal ingredient, as it is produced in situ in 
said vessel, directly from said vessel into the liquid being treated. 

57. A method according to claim 56, wherein said vessel is a mixing vessel. 

58. A method for controlling microbial fouling in a liquid by adding to the liquid an 
active biocidal ingredient formed by mixing an oxidant comprising hypochlorite, 
bromide, and an amine selected from the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and NHR^R^, wherein and are each independently 

TT 

-xl, 

-COOH, 

-COOR^ wherein R^ is selected from the group consisting of 

Ci-8 alkyl, C3.8 cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R"* is selected from the group consisting of H, C3.8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and C^g alkyl, wherein Ci-s alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Ci-g alkyl, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(-0)-NHR^ , -C(=S)-NHR^ -C(=NH)-NHR^ or -C(=0)-CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-g alkyl, wherein Cu8 alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

.SO3H 

-S02R^ wherein R' is H, Ci-g alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wherein R^ is H, Ci-s alkyl, phenyl, 4-methylphenyl, benzyl or 
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-NH2, 
-Ci-g alkyl, 

-Ci-8 alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or -NH, 
provided that and are are not both H, 
and, when at least one of R^ and R^ is -SO3H5 salts thereof 
and mixtures thereof; 

the method characterized in: 

continuously and synchronously injecting a quantity of said oxidant into a first stream of 
water passing through a first conduit to produce therein a predetemiined dilution of said 
oxidant; 

continuously and synchronously injecting a quantity of said bromide into a second stream 
of water passing through a second conduit to produce therein a predetermined dilution of 
said bromide; 

continuously and synchronously injecting a quantity of said amine into a third stream of 
water passing through a third conduit to produce therein a predetermined dilution of said 
amine; 

continuously and synchronously injecting said first, second and third streams into a 
fourth conduit according to a predetermined ratio to produce said active biocidal 
ingredient in situ in said fourth conduit; 

and continuously injecting said active biocidal ingredient, as it is produced in situ in said 
fourth conduit directly firom said fourth conduit into the liquid being treated. 

59. The method according to claim 58, wherein said oxidant is continuously injected 
into said first stream of water by a first dosing pump connected to reservoir of said 
oxidant. 

60. The method according to claim 59, wherein said amine and said bromide are 
provided in a mixture, said second and third streams are the same stream and said second 
and third conduit are the same conduit, and said mixture comprising said bromide and 
said amine is continuously injected into said second stream of water by a second dosing 
pump connected to a reservoir of said mixture of said bromide and said amine 
synchronously operated with said first dosing pump. 

6 1 . The method according to claim 59, wherein said second and third streams are mixed 
prior to injecting into said fourth conduit 

62. The method according to claim 59, wherem said first and third streams are mixed 
prior to injecting into said fourth conduit. 
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63, A method for improving the efficacy of biocide produced firom an amine and a 
hypochlorite oxidant, the method comprising: 

producing a predetermined first dilution of a hypochlorite oxidant; 

producing a predetermined second dilution of a mixture comprising bromide and an 
amine selected from the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and NHR^R^, wherein and are each independently 
-H,. 

-COOH, 

-COOR^ wherein R^ is selected from the group consisting of 

Ci-8 alkyl, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR*COOH wherein R* is selected from the group consisting of H, C3-8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and Ci-g alkyl, wherein Ci-g alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherem R^ is H, Ci-g alkyl, C3-8 cycloal^l, C4.9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(-0)-NHR^ , -C(=S)-NHR^ -C(-NH)-NHR^ or -C(=0)-CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-s alkyl, wherein C1.8 alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

-SO3H, 

-S02R^ wherein R^ is H, Ci-g alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wheremi R^ is H, Ci-8 alkyl, phenyl, 4-methylphenyl, benzyl or 

-NH2, 
-Ci-8 alkyl, 

-Cu8 alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or =NH, 
provided that R* and are R^ are not both H, 

and further provided that when one of R^ and R^ is -OH, -SO3H, or -S02R^ wherein 
R^ is H or NH2, then the other of R^ and R^ is not H, -OH, -SOsH^ or -S02R^ 

and, when at least one of R^ and R^ is -SO3H, salts thereof 

and mixtures thereof; 

synchronously metering said first dilution and said second dilution into a mixing 
vessel to continuously mix therein according to a predetermined ratio to prodtice said 
biocide; and 

continuously injecting said biocide, as it is produced in situ in said mixing vessel, 
directly from said mixing vessel into a liquid to be treated with said biocide. 
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64. A method for improving the efficacy of biocide produced from an amine and a 
hypochlorite oxidant, the method comprising: 

producing a predetermined first dilution of a hypochlorite oxidant; 

producing a predetermined second dilution of bromide; 

producing a predetermined third dilution of an amine selected from the group 
consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and NHR^R^, wherein and are each independently 
-H, 

-COOH, 

-COOR^ wherein R^ is selected from the group consisting of 

Ci.8 alkyl, Ca^ cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R* is selected from the group consisting of C3-8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and Ci-g alkyl, wherein Ci-g alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(-NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Ci-g alkyl, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0)-NHR^ , -C(=S)-NHR^ -C(-NH)-NHR^ or -C(=0)-CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-s alkyl, wherein Ci-8 alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

-SO3H, 

-S02R^ wherein R^ is H, Ci-s alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wherem R^ is H, Ci-s alkyl, phenyl, 4-methylphenyl, bensyl or 

-NH2, 
-C1.8 alkyl, 

-Ci-g alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or -NH, 
provided that R^ and are R^ are not both H, 

and further provided that when one of R* and R^ is -OH, -SO3H, or -S02R^ wherein 
R^ is H or NH2, then the other of R^ and R^ is not H, -OH, -SO3H, or -S02R^ 

and, when at least one of R^ and R^ is -SO3H, salts thereof 

and mixtures thereof; 

synchronously metering said first dilution, said second dilution and said third 
dilution uito a mixing vessel to continuously mix therein according to a predetermined 
ratio to produce said biocide; and 
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continuously injecting said biocide, as it is produced in situ in said mixing vessel, 
directly firom said mixing vessel into a liquid to be treated with said biocide. 



65. A method according to claim 64, wherein said second and third dilutions are mixed 
prior to mixing with said first dilution. 

66. A method according to claim 64, wherein said first and third dilutions are mixed 
prior to mixing with said second dilution. 

67. Apparatus for controlling microbial fouling in a liquid by adding to the liquid an 
active biocidal ingredient formed by continuously and synchronously mixing a first 
dilution comprising a hypochlorite oxidant and a second dilution comprising a mixture of 
a bromide and an amine selected from the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, diaikylhydantoin, biuret, 
proline, and NHR^R^, wherein and are each independently 
-H, 

-COOH, 

-COOR^ wherein R'' is selected fix>m the group consisting of 

Ci.8 alkyl, C3-8 cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R"* is selected firom the group consisting of H, C3-8 
cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benayl, and Ci-g alkyl, wherein Cus alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Ci-g alkyl, C3.8 cycloalkyl, €4^ cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0)-NHR^ , -C(==S)-NHR^ -C(=NH)-NHR^ or -C(=0)-CH2R^ wherem R^ 
is H, phenyl, 4-methylphenyl, or Ci-g alkyl, wherein Ci-g alkyl is 
optionally substituted by 
-OH, -COOH, or .NH2, 

-SO3H 

-S02R^ wherein R^ is H, C^g alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wherein R^ is H, C1.8 alkyl, phenyl, 4-methylphenyl, benzyl or 

-NH2, 
-Ci-8 alkyl, 

-Ci-8 alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or =NH, 
provided that R^ and are R^ are not both H, 

and further provided that when one of R^ and R^ is -OH, -SO3H, or -SOsR^ wherein 
R^ is H or NH2, then the other of R^ and R^ is not H, -OH, -SO3H, or -S02R^ 

and, when at least one of R' and R^ is -SO3H, salts thereof 

and mixtures thereof; 
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the apparatus comprising: 

(a) a first diluter producing a predetermined first dilution of said oxidant; 

(b) a second diluter producing a predetermined second dilution of said mixture of 
brontiide and amine; 

(c) a mixing vessel in which said first and second dilutions are continuously and 
synchronously mixed according to a predetermined ratio to produce said active 
biocidal ingredient in situ in said mixing vessel; and 

(d) an egress from which said active biocidal ingredient is continuously injected, as it is 
produced in situ in said mixing vessel, directly from said mixing vessel into the 
liquid being treated. 

46. Apparatus according to claim 67, wherein said egress comprises a conduit. 

68. Apparatus according to claim 67, wherein said oxidant is selected from the group 
consisting of alkali and alkaline earth metal hypochlorites and mixtures thereof. 

69. Apparatus for controlling microbial folding in a liquid by adding to the liquid an 
active biocidal ingredient formed by continuously and synchronously mixing a first 
dilution comprising a hypochlorite oxidant, a second dilution comprising bromide and a 
third dilution comprising an amine selected from the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succimmide, dialkylhydantoin, biiiret, 
proline, and NHR*R\ wherein and are each independently 
-H, 

-cboH, 

-COOR^ wherein R^ is selected from the group consisting of 

alkyl, C3-8 cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R"* is selected from the group consisting of H, C3-8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and Ci-g alkyl, wherein Ci-g alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, 5-imidazolyl, or 3-indolyl, 
-COONHR^ wherein R^ is H, Cug alkyl, C3.8 cycloalkyl, C4-9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0)-NHR^ , -C(=S)-NHR^ -C(=NH)-NHR^ or -C(=0)-CH2R^, wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci-g alkyl, wherein Ci-g alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

-SO3H 

-S02R^ wherein R^ is H, C|.8 alkyl, phenyl, 4-methylphenyl, or -NH2, 



28 50284 



Copy provided by USPTO from the IFW Image Database on 01/24/2005 



-OH, 

-NHR^, wherein is H, Ci-s alkyl, phenyl, 4-methylphenyl, benzyl or 

-NH2, 
-C1.8 alkyl, 

-Ci-8 alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or -NH, 
provided that and are R^ are not both H, 

and further provided that when one of R* and R^ is -OH, -SO3H, or -S02R^ wherein 
R'^ is H or NH2, then the other of R* and R^ is not H, -OH, -SO3H, or -S02R^ 

and, when at least one of R* and R^ is -SO3H, salts thereof 

and mixtures thereof; 

the apparatus comprising: 

(a) a first diluter producing a predetermined first dilution of said oxidant; 

(b) a second diluter producing a predetermined second dilution of said bromide; 

(c) third diluter producing a predetermined third dilution of said amine; 

(d) a vessel in which said first, second and third dilutions are continuously and 
synchronously mixed according to a predetermined ratio to produce said active 
biocidal ingredient in situ in said vessel; and 

(e) an egress from which said active biocidal ingredient is continuously injected, as it is 
produced in situ in said vessel, directly from said vessel into the liquid being 
treated. 

70. An apparatus according to claim 69, wherein said vessel is mixing vessel. 

71. Apparatus for controlling microbial fouling in a liquid by adding to the liquid an 
active biocidal ingredient formed by continuously and synchronously mixing a first 
solution comprising a hypochlorite oxidant and a second solution comprising a bromide 
and an amine selected from the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkyUiydantoin, biuret, 
proline, and NHR^R^, wherein R* and R^ are each independently 
-H, 

-COOK, 

-COOR^ wherein R' is selected from the group consistmg of 

C1.8 alkyl, C3.8 cycloalkyl, C4-9 cycloalkylallqrl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein R* is selected from the group consisting of H, C3-8 
cycloalkyl, C4.9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and C1.8 alkyl, wherein Ci-s alkyl is optionally 
substituted by 
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-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, S-imidazolyl, or 3-indolyl, 
-COONHR^ wherein is H, Ci-g alkyl, C3-8 cycloalkyl, C4-9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benzyl, 
-C(=0)-NHR^ , -C(=S)-NHR^ -C(=NH)-NHR^ or -C(=0)-CH2R^ wherein 
is H, phenyl, 4-methylphenyl, or Ci-g alkyl, wherein Ci-g alkyl is 
optionally substituted by 
-OH, -COOH, or -NH2, 

-SO3H, 

-S02R^, wherein R^ is H, Ci-g alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wherein R^ is H, Ci-g alkyl, phenyl, 4-methylphenyl, h&nzyl or 

-NH2, 
-Ci.g alkyl, 

-Ci-g alkyl optionally substituted by one or more of: 
-OH, -COOH, ^NH2 or =NH, 
provided that R} and are R^ are not both H, 

and further provided that when one of R* and R^ is -OH, -SO3H, or -S02R^ wherein 
R'' is H or NH2, then the other of R^ and R^ is not H, -OH, -SO3H, or -S02R^ 

and, when at least one of R^ and R^ is -SO3H, salts thereof 

and mixtures thereof; 

the apparatus comprisinjg: 

(a) a first diluter producing a predetermined first dilution of said first solution; 

(b) a second diluter producing a predetermined second dilution of said second solution; 

(c) a mixing vessel in which said first and second dilutions are continuously and 
synchronously n^xed according to a predetermined ratio to produce said active 
biocidal ingredient in situ in said mixing vessel; and 

(d) an egress from which said active biocidal ingredient is continuously injected, as it is 
produced in situ in said mixing vessel, directly firom said mixing vessel into the 
liquid being treated. 

72. Apparatus for controlling microbial fouling in a liquid by adding to the liquid an 
active biocidal ingredient formed by continuously and synchronously mixing a first 
solution comprising a hypochlorite oxidant, a second solution comprising a bromide, and 
a third solution comprising an amine selected &om the group consisting of: 

creatine, creatinine, cyanuric acid, melamine, succinimide, dialkylhydantoin, biuret, 
proline, and ISIHR^R^, wherein R* and R^ are each independently 
-H, 

-COOH, 

-COOR^ wherein R^ is selected firom the group consisting of 
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Ci-g alkyl, C3-8 cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl 
and benzyl, 

-CHR'^COOH wherein is selected from the group consisting of H, C3.8 
cycloalkyl, C4-9 cycloalkylalkyl, phenyl, 4-methylphenyl, 4- 
hydroxyphenyl, benzyl, and Ci-8 alfcyl, wherein Ci-g alkyl is optionally 
substituted by 

-COOH, -SCH3, -NH2, -NHC(=NH)NH2, -C(=0)NH2, -SH, -OH, 
4-hydroxyphenyl, S-imidazolyl, or 3-indolyl, 
-COONHR^ wherein is H, Ci.g alkyl, C3.8 cycloalkyl, C4.9 cycloalkylalkyl, 

phenyl, 4-methylphenyl, 4-hydroxyphenyl, or benayl, 
-C(=0>NHR^ , .C(=S>NHR^ -C(=NH)-NHR^ or -C(=0).CH2R^ wherein R^ 
is H, phenyl, 4-methylphenyl, or Ci^ alkyl, wherein Ci-s alkyl is 
optionally substituted by 

-OH, -COOH, or -NH2, 

-SO3H, 

-S02R^, wherein R^ is H, Ci-8 alkyl, phenyl, 4-methylphenyl, or -NH2, 
-OH, 

-NHR^, wherein R^ is H, Ci-s alkyl, phenyl, 4-methylphenyl, benzyl or 

-NH2, 
-Ci-8 alkyl, 

-Ci-8 alkyl optionally substituted by one or more of: 
-OH, -COOH, -NH2 or =NH, 
provided that R^ and are R^ are not both H, 

and further provided that when one of R^ and R^ is -OH, -SO3H, or -S02R^ wherein 
R^ is H or NH2, then the other of R^ and R^ is not H, -OH, -SO3H, or -S02R^ 

and, when at least one of R^ and R^ is -SO3H, salts thereof 

and mixtures thereof; 

the apparatus comprising: 

(a) a first diluter producing a predetermined first dilution of said first solution; 

(b) a second diluter producing a predetermined second dilution of said second solution; 

(c) a third diluter producing a predetermmed thhd dilution of said third solution; 

(d) a vessel in which said first, second and third dilutions are continuously and 
synchronously mixed according to a predetermined ratio to produce said active 
biocidal ingredient in situ in said vessel; and 

(e) an egress from which said active biocidal ingredient is continuoiisly injected, as it is 
produced in situ in said vessel, direcfly from said vessel into the liquid being 
treated, 

73. An apparatus according to claim 72, wherein said vessel is a mixing vessel. 
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